A 1-year study of marine water sample from six beach locations showed that the most-probable-number method failed to recover significant numbers of coliforms. Modifying this method by transferring, after 48 h, presumptive negatives (growth and no gas production) to confirmed and fecal coliform media significantly improved recovery. Tests which were presumptive negative but confirmed as fecal coliform positive were designated as false negatives. Most-probable-number method false negatives occurred throughout the year, with 143 of 270 samples collected producing false negatives. More than 50% of fecal coliform false-negative isolates were Escherichia coli. Inclusion of false-negative tubes into the coliform most-probable-number method data resulted in increased violation of the California ocean water contact sports standard at all sites. More than 20% of the samples collected were in violation of this standard. These data indicate that modification of the most-probable-number method increases detection of coliform numbers in the marine environment.
The use of the most-probable-number (MPN) method for the assessment of indicator organisms in both potable and recreational water has proven to be a useful tool for evaluating water quality. A number of environmental factors (sunlight, bacteriophages, predators, sedimentation, toxic substances, and lack of nutrients) injure or kill coliform bacteria in seawater (4) . Furthermore , salinity has been shown to be detrimental to the survival of Escherichia coli type I and other coliform bacteria, with aged seawater being more toxic than fresh seawater (6) . Savage and Hanes (13) found that increases in biochemical oxygen demand decreased the toxicity of seawater to coliform and fecal coliform bacteria. Carlucci et al. (5) have shown that increasing concentrations of available nutrients (peptone or glucose) increased the survival of E. coli in seawater. The foregoing studies focused on the die-off of coliform organisms. However, because the above factors do not always result in death in the marine environment, unique problems exist which hamper the recovery of indicator organisms.
Recent work in freshwater environments has shown that injured coliforms and fecal streptococci are present (2) . Recovery of these injured organisms on selective media has been shown to be poor, indicating that growth is inhibited (3) . Additionally, lower recovery efficiencies of these organisms may be due to the inhibition of biochemical reactions producing typical positive results in both multiple-tube and membrane filter assay methods. These findings indicated the need to determine whether injured coliforms are present in the marine environment. The present study examined the ability of the multiple-tube coliform test to enumerate injured coliforms.
Traditional testing procedures were compared with a modification involving the transfer of presumptive tubes which showed growth but no gas production.
MATERIALS AND METHODS
Sample areas. Marine water samples were collected weekly from six beaches in Orange County, Calif. from 15 September 1975 through 8 September 1976. The sampling sites are shown in Fig. 1 , and descriptions of these locations are given in Table 1 .
Microbial methods. Surface water samples were collected several feet from the shore at a water depth of 0.5 m. All samples were returned to the laboratory within 2 h of collection and tested immediately.
Volumes of 10, 1, and 0.1 ml of sample were inoculated into the presumptive medium, lauryl tryptose broth (Difco), using the five-tube most-probable-number technique. The tubes were incubated at 35.5 + 0.5°C and read at 24 and 48 h after inoculation. All presumptive tubes which were positive as defined in (Difco) and incubated at 35.5°C for 24 h. The predominant colony type was then selected, restreaked onto eosinmethylene blue agar, and incubated at 35.5 ± 0.50C for an additional 24 h. This process was repeated until a pure culture was obtained. The isolated bacteria were then streaked onto nutrient agar (Difco) plates and later transferred to nutrient agar slants. The bacterial isolates were stored at 4°C until identification by screening through the API-20 Enteric System (Analytab Products, Plainview, N.Y.).
RESULTS
The impact which the modification of the MPN method had on total coliform counts at each sampling time is shown in Fig. 2 (Fig. 3 ). There were no seasonal differences in the distribution of false negatives at site NB 5. At NB 6 a rise in false negatives (Fig. 4) (Fig. 5) . There was a two-to fivefold increase in violations when the modification procedure was applied. These increases in violations would have caused the closing of the beaches to swimming at LB 2, CD 3, and NB 4.
DISCUSSION
The adverse effect of the marine environment on coliforms has been well documented and is manifested by decreased survival of coliform and fecal coliform bacteria. Bissonnette et al. (2) referred to three subpopulations of coliform bacteria: those which are able to withstand the stresses of the environment and are detected by traditional testing; those which die off; and those which can be recovered by special testing methods. The results of this study indicate that substantial proportions of the fecal coliform population in seawater fall into this latter category. These data suggest that the enzyme formic hydrogenlyase (which produces hydrogen gas from formic acid) may be impaired or not induced in environmentally stressed cells. An injury of this nature could explain the absence of gas production in the presumptive portion of the MPN test.
The enzyme system appears to be repaired or induced during this phase of the test, with gas production following in the subsequent tests (confirmed and elevated-temperature). Additional explanations for these results may be due to the inhibitory action of sodium lauryl sulfate (8) or of other microorganisms on gas production in coliforms. The incorporation of false negatives into the coliform MPN method numbers indicated that the magnitude of increase varied among the different sampling sites. The data indicate that, even with a 1-log difference accounted for by the confidence limits about a MPN method value, a significant percentage of samples showed an increase of more than 1 log. Sites CD 3, NB 5, and NB 6 showed a 31.3 to 42.9% increase in fecal coliform counts in the range of >1 but c2 logs and a 0 to 4.0% increase in the range of >2 but <3 logs. Environmental factors such as temperature and rainfall appeared to have no significant influence on the occurrence of false negatives. However, variations in the detection of false negatives during the study period indicated that environmental factors must affect fecal coliform survival in these areas, but the exact nature of these factors must still be elucidated. Some biological factors which promote injury or death of coliform populations in the marine environment include competition, mutations, sunlight, parasitism, predation, and antimicrobial compounds (7, (9) (10) (11) (12) (13) . Also, the population density of the marine microflora has been shown to adversely affect coliform survival (11) , as do the types of microorganisms present (12, 13) . In the marine environment, biotic factors such as colloids sorbed to the surface of coliforms may protect them from predation or parasitism (11) . In aquatic environments one or a combination of these factors may be present, and, therefore, variation in the occurrence of false negatives should be anticipated.
Although the true numbers of coliform bacteria present in seawater are never known, the data from this study indicate that substantial increases in coliform counts can be obtained by a modification of the present testing methods. False negatives were not found in all samples, indicating that in certain instances coliform organisms in these water samples either came from recent pollution discharge to the marine receiving waters or had been too damaged by environmental factors to be recovered by the modified method. The damaged recoverable population was present in approximately 50% of the samples at all sites except NB 5. These data indicate that this damaged subpopulation was constant and did not undergo large seasonal fluctuations.
The incorporation of false-negative data into coliform MPN method results produced an increase in the MPN method results of more than 1 log in 44.6% of the samples from all sites, but no increases greater than 3 logs. This latter finding may be due to the three inoculation volumes used in this study.
Several coliform species were predominant in the elevated-temperature isolations. These data reflect frequent isolation of E. coli. The damage to these isolated organisms was repaired between the atypical presumptive test result and the typical elevated-temperature and confirmed test results. This study did not determine whether more severely damaged bacteria which showed growth and no gas production in the confirmed and elevated-temperature coliform tests were fecal coliforms. If this had been done, an additional subpopulation which did not recover when standard media were used might have been identified.
These data indicated that inclusion of falsenegative fecal coliforms in the MPN data increased violations of the California primary contact standard. Importantly, the increase in coliforms can be easily obtained by transferring all presumptive tubes which showed growth but no gas production to the confirmed media. This procedure will definitely increase the detection of coliform organisms in the environment. The data presented herein indicate that the isolates would be members of the coliform group. The public health significance of these damaged coliforms must still be elucidated by further study. ACKNOWLEDGMENIS I thank Donald J. Reasoner and Edwin E. Geldreich for reviewing this manuscript.
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